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SEASONALANDANNUALVARIATION IN THE DIET OF
BREEDING, KNOWN-AGEROYALTERNSIN NORTHCAROLINA

ELLEN J. WAMBACHi’2 ANDSTEVEND. EMSLffii’3

ABSTRACT.—We investigated banded, known-age Royal Terns (Sterna maxima) in North Carolina during

1999 and 2000 to determine seasonal variation in their diet and any age-related correlations in foraging. Sys-

tematic observations of adults returning with food indicated that at least 18 families of fish, squid, and crustaceans

were exploited. The most common forage species in both years were anchovies (Engraulidae), herring (Clupei-

dae), and drum (Sciaenidae). In 1999 we also monitored a sample of 48 color-banded, known-age breeding birds

ranging in age from 6-17 years to assess variations in diet with age. Wedetected no age-related differences in

Royal Tern prey size or selection; however, our sample was relatively small and further research is warranted.
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Royal Terns (Sterna maxima) have been in-

creasing along the Atlantic coast of the eastern

United States since protected, dredge material

islands with suitable nesting habitat were cre-

ated in the 1960s (Parnell et al. 1997). The
population size of nesting adults in North Car-

olina has fluctuated over the last few decades,

ranging from as low as 9,755 nests during

1977 to as high as 17,029 nests during 1983

(Parnell et al. 1997). During the 1960s an ex-

tensive banding effort of Royal Tern fledg-

lings was initiated along the Atlantic coast

(Van Velzen and Benedict 1972) and has been

continued by J. Weske annually to the present

at colonies in Maryland, Virginia, and North

Carolina. These efforts have resulted in the

world’s only known-age population of breed-

ing Royal Terns. However, until now, studies

of age-related variables in correlation with life

history strategy, diet, and foraging ecology of

Royal Terns have been limited to Buckley and

Buckley’s (1974) comparison of juveniles to

adults.

Most seabirds are long lived and have ad-

aptations to maximize reproductive success

and survivorship in a variable marine envi-

ronment (Furness and Monaghan 1987, Rick-

lefs 1990, Hamer et al. 2001). Royal Terns

display reproductive traits that warrant inves-

tigation of age-related differences in foraging

ecology, such as reduced clutch size, extended
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parental care, delayed sexual maturity, and

long life span (Buckley and Buckley 1972).

Most monogamous pairs lay one-egg clutches,

although some occasionally lay two-egg
clutches (Dunn 1972; Buckley and Buckley

1972, 2002). Moreover, adults have been ob-

served feeding their young up to six months

after hatching (Buckley and Buckley 1974,

Erwin 1977), a behavior that likely evolved as

a response to difficulty in locating and cap-

turing prey and the time necessary for young

birds to become proficient at foraging (Ash-

mole and Tovar 1968, Hamer et al. 2001).

Here, we investigated the diet of known-age

Royal Terns in the Lower Cape Fear River,

North Carolina, during two breeding seasons.

Our primary objectives were to document for

the first time in this species any seasonal var-

iations in colony diet and prey size. In addi-

tion, we used systematic observations of

marked, known-age adults to address the pos-

sible correlation of age with foraging behav-

ior. Webased this portion of our study on the

premise that Royal Tern reproductive success

improves with age, and that age correlates

with previous breeding experience and in-

creased foraging efficiency, as has been

shown in other larids (Coulson and Horobin

1976, Ryder 1981, Pugesek and Diem 1983,

Nisbet et al. 1984, Pyle et al. 1991, Sydeman
et al. 1991, Galbraith et al. 1999). As such,

older Royal Tern parents should return with

higher quality prey for their chicks compared

to younger birds.

METHODS
Study area . —We studied two colonies of

Royal Terns on Ferry Slip (34° 02' N, 77° 56'

448
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W) and South Pelican (33° 56' N, 77° 58' W)
islands in the Lower Cape Fear River from

mid-May to early August, 1999 and 2000.

Both islands were formed from dredge mate-

rial and are managed by the National Audu-

bon Society. In 1999, Ferry Slip was moder-

ately vegetated with grasses, forbs, and

shrubs. A mixed Royal and Sandwich tern

{Sterna sandvicensis Latham) colony on Ferry

Slip was comprised of approximately 1,600

nests (132 were Sandwich Tern) in three sub-

units. This colony was substantially reduced

in 2000 (to <200 nests), possibly by plant

succession in the nesting habitat (EJW and

SDE pers. obs). Most Royal and Sandwich

terns in the Lower Cape Fear region nested on

South Pelican during 2000, where a colony of

>4,300 nests (1,365 were Sandwich Tern)

formed in a large contiguous area of bare

sand. Five adults color banded on Ferry Slip

in 1999 were found nesting on South Pelican

in 2000 indicating that at least some individ-

uals from the former colony moved to South

Pelican.

Diet observations. —We assessed Royal
Tern diet during 15-min observation periods

from a stationary point within 20 m of the

creche from 05:00-19:00 EST using 8 X 42

binoculars. All observations were conducted

by EJWeach year during chick rearing from

late May or early June, when most chicks

were hatching, until mid- to late July, when
most chicks begin flying. Prey carried in the

bill of adults flying directly above a portion

of the colony were identified in most cases by
visible characters; otherwise, they were cate-

gorized as unidentified finfish or unknown.
Prey size was estimated relative to tern bill

length (mean = 63.9 mm± 2.4 SD, n = 46).

Size was divided into five categories: <0.5,

0.5-1. 0, 1.0-1. 5, 1. 5-2.0, and >2 X bill

length (BL).

Weconducted observations so that four tid-

al stages (ebb, low, flood, and high) were
evenly represented in time spent observing

prey. Wealso divided the season into 4-5 bi-

weekly periods that corresponded to the full

and new moon, so that spring tides were in

the middle of each time period. We did not

compare prey between years due to better prey

identification ability during the second year.

Known-age adult observations . —In 1999,

we captured 48 known-age birds, ranging

from 6—17 years old, in a mist net placed at

the edge of the colony and added a plastic

color band combination corresponding to age

(right leg) and individual (left leg) and marked
their breast feathers with saturated (1.2%) pi-

cric acid to facilitate field observations;

weight was recorded with a Pesola scale to the

nearest 1.0 g. This procedure was not repeated

in 2000 to limit disturbance to the colony.

We observed the colony for marked birds

during both morning and afternoon at all tidal

stages. When a marked bird carrying prey was
seen, time of day, age class, and prey type and

size were noted. Number and age of chicks

could not be determined for this part of the

study because we did not locate the nest of

each marked bird. Because of small sample

sizes for birds of different ages, the data were

combined into three age classes: young (6-8

years old), middle-aged (9-11 years), and old

(12-17 years) because most birds in this spe-

cies do not begin breeding until age 5-6

(Buckley and Buckley 2002). Thus, the young

age class would include birds with only 1-3

years of breeding experience.

Statistical analyses . —We analyzed all diet

data, except for known-age diet results, with

ANOVAwhen assumptions of normality of

residuals and homogeneous variance were

met. When assumptions of ANOVAwere not

achieved, we used Kruskal- Wallis (when df >
2) or Wilcoxon (when df = 1) tests reported

as values. Weused pairwise correlations to

test for association between season and diet.

We used Fisher’s exact test to compare cate-

gories of prey composition and prey size

among age classes in 1999 (Sokal and Rohlf

1969). All statistical analyses were completed

with the JMP IN software program (Sail and

Lehman 1996).

RESULTS

We observed a total of 2,310 and 4,148

prey items during 14.25 and 20.00 h of ob-

servations during 1999 and 2000, respectively

(Table 1). In both years, the majority of iden-

tified prey remains were anchovy, herring, and

drum. In 1999, fewer prey were observed than

in 2000. The percentage of unidentified finfish

to total prey observed was 46% in 1999 and

18% in 2000. Prey type fluctuated seasonally

(Fig. 1; see statistical tests below for each ma-

jor prey group), but the most common prey
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TABLE 1. Taxa of Royal Tern prey observed at two colonies in the Lower Cape Eear River, North Carolina

in 1999 and 2000 showing the diversity in prey consumed by this species. Numbers of observations are given

for each prey item with percent of total prey in parentheses.

Prey 1999 2000

Engraulidae (anchovies)

Anchoa hesetus, A. mitchilli 290 (12.6) 495 (11.9)

Clupeidae (herrings)

Brevoortia tyrannus, Alosa spp. 265 (11.5) 843 (20.3)

Sciaenidae (drums)

Micropogonias undulatus, Leiostomus xanthurus, Stellifer lanceolatus,

Bairdiella chrysoura, Cynoscion spp., Sciaenops ocellatus 296 (12.8) 1,025 (24.7)

Mugilidae (mullets)

Mugil cephalus 182 (7.9) 31 (0.8)

Pleuronectiformes (unidentified) 2 (0.1) 72 (1.7)

Cynoglossidae (tonguefishes)

Symphurus spp. 38 (1.7) 171 (4.1)

Sparidae (porgies)

Lagodon rhomboides, Archosargus probatocephalus 32 (1.4) 36 (0.9)

Carangidae (jacks)

Caranx spp., Seriola spp. 9 (0.4) 94 (2.3)

Gadidae (hakes)

Urophycis spp. 6 (0.3) 6 (0.1)

Trichiuridae (cutlassfish)

Trichiurus lepturus 2 (0.1) 24 (0.6)

Triglidae (searobins)

Prionotus spp. 2 (0.1) 7 (0.2)

Synodontidae (lizardfish) 1 (0.04) 8 (0.2)

Stromateidae (butterfish)

Peprilus triacanthus — 11 (0.3)

Haemulidae (grunts) — 3 (0.1)

Pomatomidae (bluefish)

Pomatomus saltatrix — 17 (0.4)

Syngnathidae (pipefishes) 3 (0.1) 7 (0.2)

Ophichthidae (eels) 8 (0.4) 21 (0.5)

Loliginidae (squids) 32 (1.2) 109 (2.6)

Penaeidae (shrimps)

Penaeiis spp. 58 (2.5) 256 (6.2)

Brachyura (crabs) 14 (0.6) 85 (2.1)

Unidentified finfish 1,064 (46.1) 759 (18.3)

Unknown 6 (0.3) 68 (1.6)

proportions did not vary with tidal stage dur-

ing both years (Kruskal-Wallis test, —0.64,

df = 3, P = 0.28).

Proportion of anchovies fed to chicks de-

creased across time periods during both years

(1999: x“ = 27.6, df = 3, P < 0.0001; 2000:

X^ = 56.0, df = 4, P < 0.0001) and was in-

versely correlated with date in both 1999 {r^-j

= -0.59, P < 0.0001) and 2000 (r^o = -0.74,

P < 0.0001). Drum varied among time peri-

ods in both years (1999: X“ — 14.0, df = 3, P
< 0.003; 2000: x^ = 22.1, df = 4, P <
0.0002) and were observed more per trial to-

ward the end of the 1999 season {r^-j = 0.41,

P < 0.002). In 2000 there was no significant

correlation between drum and date (r^Q =

0.18, P = 0.10). Herring decreased by time

period (1999: x^ = 9.8, df = 3, P = 0.021;

2000: P3 79
= 2.4, P = 0.059) and date in 1999

only (^57
= -0.37, P = 0.005). Number of

shrimp (Penaeidae) identified per trial was

positively correlated with date in 1999 {r^-j —

0.30, P = 0.022) and 2000 (r^o
= 0.22, P =

0.048) and increased among time periods dur-

ing both years (1999: x^ ~ 2.7, df = 3, P =

0.049; 2000: x^ = 25.6, df = 4, P < 0.0001).

During 1999 mullet did not vary significantly

among time periods (x^ = 6.3, df = 3, P =

0.10). During 2000, Tonguefish (Cynoglossi-

dae) abundance in the observed prey was not
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FIG. 1. Weekly variation in the proportion of major prey items of Royal Terns identified during 15-min

periods. (Top) 1999: n = 2,310. (Bottom) 2000: n = 4,148. Asterisk indicates significant difference among
periods.
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FIG. 2. Percentage of prey brought to Royal Tern

chicks by size categories estimated relative to adult bill

length (BL). Prey size increased significantly among
time periods throughout the breeding season; (top)

1999: Pearson = 169.81, df = 12, P < 0.0001 and

(bottom) 2000: x" = 896.81, df = 16, P < 0.0001.

significantly correlated to date (r^Q = 0.04, P
= 0.71), but among time periods proportion

of tonguefish varied considerably (x^ = 23.2,

df = 4, P < 0.0001). Squid (Loliginidae) were

observed in 2000, but mostly at the end of the

season (by periods: “ 42.6, df = 4, P <
0.0001; by date: = 0.60, P < 0.0001).

The size of prey increased seasonally dur-

ing both 1999 and 2000 (Fig. 2). For 1999,

during periods two through four, prey sizes

from 1-2 BL were most prevalent (65-75%
of all prey). In 2000, during periods one and

two, prey items were mostly 0. 5-1.0 BL (53%
and 49%, respectively). Most prey observed

during 2000 were between 0.5- 1.5 BL (69-

86%).

In 1999, the 48 marked, known-age birds

included 11 in the young, 13 in the middle,

and 24 in the old age classes. These birds

were observed feeding chicks for a total of

approximately 54 h. Prey size (Fisher’s exact

test, n = 127, P = 0.32) and type (Fisher’s

exact test, n = 126, P = 0.092) did not differ

significantly among adult age classes with an

analysis of eight prey categories (anchovy,

herring, drum, crab, shrimp, mullet, other
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thin-bodied finfish, and other deep-bodied fin-

fish).

DISCUSSION

Prior to now, little research has been con-

ducted on the diet of Royal Terns. Buckley

and Buckley (1972) found that anchovy, sil-

versides (Menidia) and menhaden (Brevoor-

tia) were the most common prey at colonies

in North Carolina and Virginia, but provided

no quantitative data. McGinnis and Emslie

(2001) found that Royal Tern chick diet, ob-

served primarily at one colony in North Car-

olina, was comprised of 41% drum, porgies

(Sparidae), and mullet; 30% herring, jacks

(Carangidae), and mackerel (Scombridae);

and 9% anchovies. These results are consis-

tent with our findings. A study in Argentina

(Quintana and Yorio 1997) found that Royal

Terns breeding at Punta Leon, Patagonia, fed

primarily on anchovy (Engraulis anchoita) in

1992 (>60% of 523 prey items observed), but

switched to Fueguian sprat (Sprattus fueguen-

sis, >30%) in 1993.

Wefound Royal Tern prey type to vary sea-

sonally, as in other tern species during breed-

ing (Safina and Burger 1989, Safina et al.

1990, Shealer 1998). The decline in anchovies

after the first two weeks after hatching in both

years suggests that parents either were choos-

ing to feed their hatchlings a small, thin-bod-

ied prey item, or anchovy availability near the

lower estuary was greater early in the season

and then declined by late June. Commonan-

chovies of the Lower Cape Fear River estuary

and coastal waters include striped {Anchoa

hepsetus) and bay anchovy {A. mitchilli).

These species occur year round in this estuary

and spawn mostly at night offshore during late

spring and summer (Zastrow et al. 1991,

MacGregor and Houde 1996). Anchovy oce-

anic spawning coincides with tern nesting, and

anchovy availability in the marine habitat may
contribute to the onset of Royal Tern courtship

along the Atlantic coast.

Later in the season, terns rely on a greater

variety of larger-sized prey as their chicks in-

crease in size. A trend repeated in both years

was an increase in the proportion of drum and

shrimp in mid- to late June. This trend coin-

cides with the growth and movement of ju-

venile drum (e.g., Leiostomus xanthuriis and

Micropogonius iindiilatus) and brown shrimp

{Penaeus aztecus) from upriver to more saline

water (Schwartz et al. 1979). Both of these

prey appeared in Royal Tern diets more during

2000 than in 1999. However, because observ-

er identification skills improved markedly be-

tween 1999 and 2000, drum and other forage

species may be underrepresented if catego-

rized as unidentified finfish in 1999. Alterna-

tively, if the shift in Royal Tern diet from mul-

let in 1999 to tonguefish and squid in 2000 is

real, it suggests that prey switching occurred

perhaps due to changing availability of spe-

cific forage species.

CommonTerns {Sterna hirimdo) show sex-

ual variation in chick feeding, and there is ev-

idence that males feed chicks more frequently

than females in freshwater conditions where

predictability of prey is greater (Wagner and

Safina 1989, Burness et al. 1994). Sexes were

not distinguished in our study, and if Royal

Terns follow this pattern in estuarine habitats,

then adult sex may explain some of the vari-

ation in our results.

Observations of marked, known-age birds

failed to indicate any variation in prey size or

type among three age classes. This result may
be due to the relatively small sample size and

number of observations we completed in

1999, as well as the large proportion of un-

identified finfish that year; additional investi-

gations are warranted. Because Royal Tern

chicks creche two to three days after hatching

(Buckley and Buckley 2002), more detailed

observations would necessitate restricting

chicks at the nest and conducting focal obser-

vations (Erwin 1977).

Our results provide the most detailed anal-

ysis of Royal Tern diet now known (see re-

view' by Buckley and Buckley 2002) and in-

dicate considerable variation in prey choice,

although this species depends largely on only

a few taxa for the bulk of its diet. Webelieve

the seasonal variability in diet of Royal Terns

is a response to seasonal productivity of for-

age species and abiotic factors (e.g., tidal stag-

es). We predict that chick growth and mean
fledgling weights also will vary seasonally in

response to these conditions and that, with ad-

ditional data. Royal Terns could be used as an

indicator for relative abundance of fish stocks

of preferred prey, as has been demonstrated

for the Arctic Tern {Sterna paradisaea\ Mon-
aghan et al. 1989a, 1989b), Northern Gannet
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(Sula bassanus; Montevecchi et al. 1988), At-

lantic Puffin (Fratercula arctica; Barrett

2002) and CommonGuillemot (Uria aalge;

Burger and Piatt 1990, Monaghan et al. 1994).
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